**What was known?**

Serendipity has played an important role in all aspects of life including Science, Medicine and Dermatology. A large number of therapies in Dermatology are used for indications which were accidentally discovered as a result of serendipity.

Introduction {#sec1-1}
============

From its very inception human history is replete with the story of unplanned or unforeseen incidents which have occurred in spite of lack of intention or necessity. Such events are called accidents. Though the word accident generally implies a negative event, some do have a happy outcome. Such a happy accident is described as "Serendipity". According to the Oxford English dictionary Serendipity is "the occurrence and development of events by chance in a happy or beneficial way."\[[@ref1]\] It has also been defined as a "happy accident or pleasant surprise; specifically, the accident of finding something good or useful while not specifically searching for it."\[[@ref2]\] The discovery of the law of buoyancy (Archimedes principle) by the Greek mathematician Archimedes, of the Americas by Christopher Columbus and of gravity by Sir Isaac Newton are a few of the most famous examples of serendipity.

Origin {#sec1-2}
======

The original source of the word "Serendipity" is controversial. It was first used by Sir Horace Walpole in a letter written to Horce Mann on 28^th^ January, 1754 while referring to accidental discoveries. He claimed that he derived the word from the 'The Three Princes of Serendip", a Persian fairy tale whose heroes "were always making discoveries, by accidents and sagacity, of things they were not in quest of". However, the source of the word "Serendip" is not clear. The various sources suggested are: Serendip (old name for Sri Lanka); Sarandib in Arabic (adopted from Tamil "Serendeevu"); "Suvarnadweepa" (golden island) and "Simhaladvipa" (Lion Island) in Sanskrit.\[[@ref3]\]

Types of Serendipity {#sec1-3}
====================

Serendipity can occur under various circumstances. "Serendipity is the faculty of finding things we did not know we were looking for." (GlaucoOrtolano). A scientist, for example, may discover something unexpectedly. Archimedes stepped into a bath and accidentally discovered the principle of buoyancy from the amount of water he displaced. Similarly Sir Isaac Newton is said to have accidentally discovered the theory of gravity by observing the falling apple while sitting under the apple tree.\[[@ref4]\]

"Look for something, find something else, and realize that what you've found is more suited to your needs than what you thought you were looking for." (Lawrence Block). One may be looking for something and find another unexpectedly or by unexpected means e.g. Christopher Columbus discovered the Americas while trying to reach India by travelling West and William Herschel discovered the planet Uranus while searching for comets.\[[@ref5]\] Finally, one may accidentally find unexpected usage of some object or drug. Humphry Davy tested Nitrous oxide on himself and his friends as a laughing gas. To his surprise it acted as an anesthetic.\[[@ref6]\] Osterloh *et al*. while evaluating Sildenafil citrate for the treatment of hypertension and angina accidentally realized that it induced erections in male test subjects.\[[@ref7]\]

 {#sec2-1}

### Serendipity and science {#sec3-1}

Serendipity has played a more important role in science than in any other field. Some of the most important scientific discoveries have occurred due to serendipity. The reason perhaps lies in the training imbibed by scientists whereby they can recognize an unexpected result as valuable and significant. Sir Alfred Nobel, for example, accidentally discovered dynamite while mixing nitroglycerine with silica.\[[@ref8]\] Some interesting scientific discoveries where serendipity played an important role (other than those already mentioned) include the microwave oven, coca cola, corn flakes, teflon, vulcanized rubber, Bose-Einstein statistics, Velcro and helium. Each of these accidental discoveries has a background of interesting stories which are, however, not within the scope of this chronicle.

### Serendipity in medical science {#sec3-2}

A host of important discoveries in medical science owe their origin to serendipity. Perhaps the most famous is the story of Sir Alexander Fleming and his discovery of Penicillin. Similarly, serendipity has paved the way for the usage of lithium as a psychotherapeutic drug, Nitrous oxide as an anesthetic, sildenafil as a drug for sexual dysfunction and saccharine and aspartame as sweetener.\[[@ref9]\] Serendipity has also led to some remarkable consequences. In an interesting role reversal, Harold Varmus' research works on breast cancer led to development of cellular oncogenes which play a role in brain development. Interestingly the reverse occurred with Robert Weinberg when his studies on rat brain tumor helped in understanding the etio-pathology of human breast cancer.\[[@ref10]\]

Serendipity in Dermatology {#sec1-4}
==========================

As in other branches of science and medicine, dermatopharmacology has also enjoyed the fruits of serendipity in a major way. It has been responsible for major developments in the therapy of psoriasis and hair disorders as also in Dermatosurgery and Aesthetic Dermatology.

Serendipity in Psoriasis Therapy \[[Table 1](#T1){ref-type="table"}\] {#sec1-5}
=====================================================================

###### 

Serendipity in psoriasis therapy
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 {#sec2-2}

### Dithranol {#sec3-3}

Dithranol has been derived from Goa powder extracted from the araroba tree which grew in the Bahia province in Brazil. It was imported from Brazil to India where it was used for centuries to treat ringworm. In 1876, a patient of Balmano Squire who had mistaken his psoriasis to be ringworm told him that he had used the powder to treat his "ringed" psoriasis and had got good results. Later, the active ingredient in the powder was identified as chrysarobin from which the first synthetic preparation, anthralin was derived. Anthralin was found to be an effective treatment for psoriasis by Galewsky in 1916.\[[@ref11]\]

### Vitamin D~3~ analogs {#sec3-4}

In 1985, Morimoto and Kumahara reported the case of an 81-year-old man who had osteoporosis along with extensive psoriasis. He was prescribed 1α-hydroxyvitamin D3, 0.75 mg/day orally. Though he was not receiving either topical or systemic treatments for psoriasis, the psoriatic lesions cleared in 2 months.\[[@ref12]\] Subsequently they published an open study in the *British Journal of Dermatology* about the role of vitamin D3 on Psoriasis in both oral and topical forms.\[[@ref13]\]

### Methotrexate {#sec3-5}

Gubner *et al*. in 1951 observed remission of psoriasis in a patient of rheumatoid arthritis being treated with aminopterin, a drug closely related to methotrexate.\[[@ref14]\] They followed this by using aminopterin in a study with 13 patients of psoriasis. All the patients showed good response to daily dose of oral aminopterin, although all of them developed side effects. Later, methotrexate, a more effective and less toxic folic acid antagonist than aminopterin, was used for the treatment of psoriasis using the same logic.\[[@ref15]\]

### Cyclosporine {#sec3-6}

Cyclosporin A (CSA), a drug with immunosuppressive properties was initially isolated from the fungus *Tolypocladium inflatum*, (Beauverianivea) obtained from a soil sample in 1969 from Hardangervidda, Norway by Dr. Hans Peter Frey, a Saandoz scientist.\[[@ref16]\] Its immunosuppressive effects were discovered in 1972. Later, in a pilot study on effects of CSA in rheumatoid arthritis, four of the patients who also had psoriatic arthritis had almost total clearance of their psoriasis within a week of CSA orally. However, the psoriatic lesions gradually returned in all patients to their previous severity within 2 weeks after stopping CSA.

### Chondroitin sulfate {#sec3-7}

Chondroitin sulfate, a natural glycosaminoglycan, is used for the treatment for osteoarthritis. Joseph Verges observed that patients with osteoarthritis with concomitant psoriasis experienced a marked improvement of their psoriatic plaques within a few days after treatment with chondroitin sulfate.\[[@ref17]\] Though the drug has later been used for psoriasis the results have been variable.

### Gemcitabine and cisplatin {#sec3-8}

Cagiano *et al*. in 2008 reported complete disappearance of psoriasis of fingernails and scalp of ten years' duration in a 55 yearold male, 2 weeks after therapy of his lung metastasis with gemcitabine and cisplatin. There was no recurrence of the psoriasis even after 3 months of follow-up.\[[@ref18]\]

Serendipity in Hair Disorders \[[Table 2](#T2){ref-type="table"}\] {#sec1-6}
==================================================================

###### 

Serendipity in Hair Disorders
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Several medications that affect human hair growth have been born out of serendipity. These include medications for hair loss as well as for hirsutism. While Minoxidil, Finasteride, Cyclosporine and Bimatoprost have been useful in different kinds of alopecia, Alphadifluoromethyl ornithine, Glitazones and Spironolactone have been used as hair-removers and in hirsutism.

 {#sec2-3}

### Minoxidil {#sec3-9}

Minoxidil was originally used as an oral therapy for hypertension. It lowers blood pressure by acting as a nitric oxide agonist and potassium channel opener. In 1977, hypertrichosis was noted as a severe cosmetic problem in 5 female patients using this drug as an antihypertensive. The excessive hair was removed by calcium thioglycolate depilatory agent.\[[@ref19]\] Subsequently reversal of alopecia was noted in patients with minoxidil.\[[@ref20]\] In 1981 the drug was found to be of use in both alopecia areat\[[@ref21]\] andandrogenetic alopecia.\[[@ref22]\] Subsequently minoxidil became the first drug approved by US FDA for the treatment of alopecia and it has progressed to become one of the most widely used medications for hair restoration, especially androgenetic alopecia.

### Finasteride {#sec3-10}

Finasteride is a 5-α-reductase type 2 isoenzyme inhibitor. The drug (5 mg per day) had FDA approval for benign hypertrophy of prostate since1992. It was accidentally discovered to grow hair on the bald scalp of men using this drug.\[[@ref23]\] The drug was shown to reduce scalp dihydrotestosterone levels by about 69%.\[[@ref24]\] Finasteride in the dosage of 1 mg per day was subsequently approved by US FDA for males with androgenetic alopecia in 1997.

### Cyclosporine {#sec3-11}

Long-term use of cyclosporine was found to produce hirsutism in renal transplant patients.\[[@ref25]\] It was postulated that Cyclosporine inhibits the activation of helper T cells which may be pathogenic in alopecia areata and probably prolongs the anagen phase also. Topical cyclosporine was then used in trials with nude mice grafted with human hair and it slowed down the shedding of hair. Human studies also showed good results.\[[@ref26]\] But further studies with topical cyclosporine did not produce encouraging results in male pattern alopecia. Oral cyclosporine has also been tried in alopecia areata in small studies. Cosmetically acceptable terminal hair regrowth on the scalp occurred in 50% patients but within 3 months of discontinuation of cyclosporine, significant hair loss occurred again.\[[@ref27]\]

### Bimatoprost {#sec3-12}

Prostaglandin analogs are used in glaucoma to reduce intraocular pressure. Latanoprost, travopost and bimatoprost have been widely used as eye drops. Serendipitously, these medications, when used for glaucoma, were found to stimulate eyelash growth and pigmentation.\[[@ref28]\] There appears to be an increase in anagen follicles, resulting in thicker, darker, and longer eyelashes. Since 2008, bitanoprost has US FDA approval for use in cosmetic enhancement of eyelashes. However, the clinical results of prostaglandin analogues in other forms of alopecia have shown conflicting results.\[[@ref29]\]

### Eflornithine {#sec3-13}

Takigawa *et al*. accidentally discovered that mice shed hair when treated with an ornithine decarboxylase inhibitor called alpha difluoromethyl ornithine (DFMO), a chemoprevention agent.\[[@ref30]\] Later studies showed that ornithine decarboxylase, though plentiful in the anagen follicular bulbs, was scarce in the telogen and catagen stages. This finding led to the development of a topical eflornithine hydrochloride cream that was found to remove unwanted hair in hirsute women.\[[@ref31]\]

### Glitazones {#sec3-14}

Glitazones or thiazolidinediones (TZD) increase tissue insulin sensitivity by interacting with peroxisome proliferator--activated receptor *y* (PPAR*y*) to increase insulin sensitivity and are used as antidiabetic agents. Abnormal glucose metabolism is a part of polycystic ovarian syndrome (PCOS). It was observed that when Pioglitazone, a TZD was used in PCOS, there was an improvement in the hirsutism.\[[@ref32]\] Pioglitazone has also been tried in psoriasis\[[@ref33]\] and Lichen Planopilaris\[[@ref34]\] as an PPARγ agonist.

### Spironolactone {#sec3-15}

Spironolactone is a potassium sparing diuretic that was used as an antihypertensive drug. It was seen to improve hirsutism in a woman with concomitant polycystic ovarian disease. It was found to interfere with androgen-related hair growth. Hence, it has been subsequently used as an off-label drug for hirsutism.\[[@ref35]\]

Serendipity in Aesthetic Dermatology \[[Table 3](#T3){ref-type="table"}\] {#sec2-4}
-------------------------------------------------------------------------

###### 

Serendipity in aesthetic dermatology
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### Vaseline {#sec3-16}

Vaseline was accidentally discovered by Robert Chesebrough in 1859. On a visit to the oil fields in Titusville, Pennsylvania he found that the workers were using a residue from oil rig pumps to heal wounds, cuts and burns. This residue was known as rod wax. Back in Brroklyn, Chesebrough extracted the petroleum jelly from the rod wax. He named the product Vaseline.\[[@ref36]\]

### Retinoids for photodamaged skin {#sec3-17}

Retinoids were first introduced for the treatment of acne vulgaris in the 1959.\[[@ref37]\] In the mid- 1980s Kligman *et al*. observed serendipitously that topical tretinoin used on the face was also capable of reversing the sunlight-induced damage to the skin and partially decelerating the rate of photoaging.\[[@ref38]\]

### Lasers {#sec3-18}

Charles Townes and Arthur Schwalow discovered the MASER in 1954 and later the LASER in 1958.\[[@ref39]\] Ironically, at the time of discovery Charles Townes had no idea about its applications and was even teased by his colleagues about the irrelevance of his discovery. Though this discovery fetched him the Nobel Prize in Physics in 1964, he did not proceed any further with research on the subject. A tool made for a given purpose (actually no real purpose) then found applications after its discovery. This useful invention was actually a 'use'less application at the time of its discovery. The usefulness of LASERS in various aspects of science including Medicine and Dermatology was explored after its discovery. Pioneering work on the use of LASERs in Dermatology was done by Leon Goldman of Cincinnati about a decade after its discovery.\[[@ref40]\]

Botox

The discovery of the use of Botox as a tool of aesthetic Dermatology is a unique tale of marital partnership applied for the benefit of science. In 1987, a patient suffering from blepharospasm was being treated with Botox by Dr. Jean Carruthers, a Canadian ophthalmologist. The patient was being administered small amounts to reduce the spasm. The patient noted that with every injection of Botox, the wrinkles on the forehead between her eyebrows seemed to be disappearing. The patient was happy that she was looking younger. Coincidentally Dr Carruther\'s husband, Dr. Alistair Carruther was a Dermatologist. The wife narrated the fascinating story of her patient\'s wrinkles to her husband over dinner. To further convince her husband she injected Botox into the skin of their receptionist Cathy Bickerton. The resultant disappearance of wrinkles convinced Alistair. However, other patients refused to get themselves injected with Botox, and to convince them Jean injected it into her own face.\[[@ref41]\]

### Vitiligo surgery {#sec3-19}

Surgical treatment of vitiligo can be done by autologous punch grafting. Interestingly, apart from repigmentation at the grafted sites spontaneous repigmentation has also been observed in patches other than the grafted site after autologous punch grafting.\[[@ref42]\] Other interesting phenomena noted by some workers have been the simultaneous repigmentation at donor sites with depigmentation of grafts at recipient site, donor site depigmentation after complete repigmentation of grafted site and repigmentation at grafted sites after failure on previous attempts.\[[@ref43]\]

Miscellaneous \[[Table 4](#T4){ref-type="table"}\] {#sec2-5}
--------------------------------------------------

###### 

Serendipity in miscellaneous conditions
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### Thalidomide {#sec3-20}

Thalidomide was first used as a drug to cure anxiety and tension in Germany in 1957. It was also found to reduce the symptoms of morning sickness and was therefore prescribed to pregnant women \[[Table 4](#T4){ref-type="table"}\]. Shortly thereafter it was noted that a large number of children born of pregnant mothers taking Thalidomide developed a limb deformity known as Phaecomalia. Subsequently the drug was withdrawn from the market.\[[@ref44]\] In 1964, Sheskin, an Israeli dermatologist, was treating a male patient of Erythema nodosum leprosum, who was in acute pain and hence could not sleep. Sheskin had a few tablets of Thalidomide in his possession and gave them to his patient. The patient could not only sleep well but also his lesions improved considerably after taking Thalidomide.\[[@ref45]\] Since then thalidomide, a banned drug due to its teratogenicity, has found a significant place in the treatment of leprosy.\[[@ref46]\]

### Propranalol {#sec3-21}

Propranolol, a β blocker, is generally used for hypertension \[[Table 4](#T4){ref-type="table"}\]. It was serendipitously found to improve the nasal hemangioma in an infant when administered for hypertrophic cardiomyopathy.\[[@ref47]\] Recently, it has replaced corticosteroids as a therapy for this condition.

### Nitrogen mustard {#sec3-22}

Nitrogen mustards are nonspecific DNA- alkylating agents used in chemical warfare \[[Table 4](#T4){ref-type="table"}\]. During World War 2, nitrogen mustards were being investigated at Yale University and were found to deplete lymphocyte counts in blood. In 1942, the first human trials of its use in lymphoma were conducted and it became the first chemotherapeutic drug, mustine.\[[@ref48]\]

### Selenium {#sec3-23}

In Brazil and Venezuela, coco-de-mono trees bear nuts that are known to be lethal for monkeys \[[Table 4](#T4){ref-type="table"}\]. Inadvertent human consumption led to loss of hair in addition to tremors. In 1965, Francisco Kerdel-Vegas, a professor of Dermatology in Venezuela, isolated the active principle in the nut and identified it as the selenium analog of the sulfur amino acid cystathionine.\[[@ref30]\] This agent has been subsequently used in trichology for its depilatory effects.

### Porphyrins {#sec3-24}

Porphyrins are a group of chemicals that help form many important substances in the body, including hemoglobin \[[Table 4](#T4){ref-type="table"}\]. Additionally, they can absorb energy from photons and the energy is then passed on. In 1913 Friedrich Mayer-Betz injected hematoporphyrins into his body and exposed himself to sunlight to examine its photodynamic effects. He developed an intense swelling of face and body and the reaction subsided only after a few months.\[[@ref49]\] This observation led to a series of experiments and in 1960, Schwartz and Lipson isolated an active ingredient called hematoporphyrin derivative. Later Mayer-Betz\'s original observation was utilized to extensively use porphyrins and their derivatives in photodynamic therapy for psoriasis, acne, skin cancer, vitiligo, warts and alopecia areata.\[[@ref50]\]

Conclusion {#sec1-7}
==========

The phenomenon of serendipity has played a tremendously beneficial role in science, especially medical science. Dermatology as a speciality has also widely benefitted from these 'happy accidents'. As time progresses many more such serendipitous drugs are expected to be discovered. These new drugs may not only strengthen the existing armamentarium of already available medications, but also find cures for some hitherto incurable skin ailments.

**What is new?**

Compilation of serendipity-mediated drug indications which may prove to be useful for future chroniclers of Dermatology.
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